The Edinger-Westphal nucleus (EWN) is a central preganglionic parasympathetic cell group that gives rise to cholinergic input to the ciliary ganglion, thereby regulating several neurovegetative ocular functions. Recently, the supposed presence of the neuropeptide urocortin (UCN) has been reported in EWN neurons in rodent brain. The purpose of the present study was to examine the distribution of UCN in avian brain and to investigate by immunohistochemical analysis the possible use of this substance as an EWN marker in a nonmammalian class of vertebrates. Brain tissue of pigeons was incubated with a specific antibody against UCN and the results showed labeling of many small neurons, forming a double wing in the dorsal mesodiencephalic transition area. Their size and shape, however, differed from those of EWN neurons, and they were preferentially located rostral to the EWN. Double-label experiments employing an antibody against the enzyme choline acetyltransferase (ChAT) showed that UCN is not localized to the cholinergic cells of the EWN and confirmed the rostral distributionof UCN never overlapping the ChAT+ EWN cells. Taken together, these results suggest that, at least in pigeons, the UCN+ population does not belong to the traditionally defined EWN.
The Edinger-Westphal nucleus (EWN) of birds is the autonomic part of the oculomotor complex and the source of preganglionic inputs to the ciliary ganglion (1) (2) (3) (4) . In avian species, the EWN can be divided into two portions, lateral and medial, which are distinct in cell size and shape and in their physiological roles. In pigeons, the lateral portion (EWL) consists of bigger and more spherical cells that project to ciliary neurons of the ciliary ganglion, giving rise to the ciliary nerve innervating the ciliary body and the iris sphincter muscle (1) (2) (3) (4) . The ciliary neurons mediate pupilloconstriction and accommodation. The medial portion of the EWN (EWM), in turn, innervates choroidal neurons of the ciliary ganglion, which project to the choroid and regulate its blood flow (4, 5) .
According to Gamlin and Reiner (3) , the major afferent pathways to the avian EWN are: a) the predominantly contralateral path-way from the suprachiasmatic nucleus in the hypothalamus, which terminates in the EWM, b) the pathway from the medial mesencephalic reticular formation to both EWM and EWL neurons, c) the pathway beginning in the rostral lateral mesencephalic reticular formation projecting to the EWL, and d) the pathway which proceeds from a pretectal nucleus, the area pretectalis, and projects contralaterally to the caudolateralmost part of the EWL.
In mammals, the functional subdivisions of the EWN are not as clear and its limits are still controversial (6) . Recently, the substance urocortin (UCN) was reported to be expressed in EWN neurons of rodents, suggesting it to be a potential marker for this nucleus (7) (8) (9) . However, UCN was also present in cells of some other regions of the brain, such as the supraoptic and paraventricular nuclei of the hypothalamus, anterior pituitary, substantia nigra, and cerebellum (7, 10, 11) . In mammals, UCN neurons in the EWN area were also reported to project to brain districts not related to ocular adjustments, such as the lateral septal nucleus and spinal cord (8) . Since the avian EWN is well characterized and well defined cytoarchitectonically, the purpose of the present study was to ascertain if UCN is present in EWN neurons of birds. By knowing both the precise anatomical and physiological characteristics of the EWN, the determination of the UCN labeling pattern in birds might provide important information concerning the UCN system in mammals. We carried out a series of immunohistochemical experiments using a specific antibody against UCN (8) to map its localization in the avian brain.
Twelve pigeons (Columba livia) were deeply anesthetized by intramuscular injections of xylazine (0.1 mg/100 g) and ketamine (0.2 mg/100 g) and perfused with saline followed by 4% paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4). Brains were removed and cryoprotected by 24-h immersion in a solution containing 30% sucrose in phosphate buffer. Using a sliding microtome, 35-µm thick frozen coronal sections were obtained and collected into separate compartments. Tissue was rinsed in phosphate buffer and incubated overnight with the polyclonal antibody against UCN at room temperature (rabbit anti-UCN, generously provided by Joan Vaughan and Wylie Vale from the Peptide Biology Laboratory, The Salk Institute for Biological Studies, La Jolla, CA, USA (8)). To identify the cholinergic EWN neurons, we also used a polyclonal antiserum against choline acetyltransferase (ChAT) (goat anti-ChAT from Chemicon International Inc., Temecula, CA, USA). After washing in phosphate buffer, the tissue was incubated with the secondary biotinylated antibody (donkey anti-rabbit for UCN experiments and donkey anti-goat for ChAT, both from Jackson ImmunoResearch Labs., West Grove, PA, USA) for 1 h, followed by a new wash in phosphate buffer. The tissue was then incubated with the avidin-biotincomplex (ABC-Elite kit, Vector Laboratories, Burlingame, CA, USA) for one additional hour. Labeling was visualized with a standard diaminobenzidine protocol (4), and sections were mounted on slides, dehydrated and coverslipped. For histological mapping, alternate sections that had not been immunostained were processed by the Giemsa technique. Results were observed and analyzed with a Nikon E-800 microscope, using the atlas of the pigeon brain of Karten and Hodos (12) to identify and define structures. Data were photographed on Kodak-Ektachrome film or the images were captured with a CCD camera (Magnafire, Optronics, Goleta, CA, USA). All procedures were conducted in accordance with the Brazilian College of Animal Experimentation policies on the ethical use of animals in research.
After Giemsa staining, EWN neurons formed a compact mass of cells immediately dorsal to the oculomotor nucleus (OM). They were identified by their typical ovoid shape ( Figure 1D ). The immunohistochemical stud-ies ( Figure 1A ,B) demonstrated that, in general, cells that expressed UCN in the pigeon brain were fusiform and medium-sized (ranging from 8 to 27 µm at their major axis; mean, 16.2 µm), contrasting with the archetypal spherical shape of the EWN cells, as can be seen in Figure 1D . The major UCNcontaining cell group was shaped like a wedge lying rostral to the OM, situated mostly medial to the EWN-OM complex (Figures 1 and  2 ). This main UCN-positive (UCN+) population consisted of paired cell columns, positioned in the diencephalic-mesencephalic transition zone, along the ventral aspect of the substantia grisea centralis (just below the cerebral aqueduct), and ending almost at the nucleus ruber level (Figure 1) . At that level, as can be perceived in Figure 1 , the dorsal portion of the UCN+ nucleus appears to abut the medial aspect of the nucleus interstitialis (nucleus of Cajal), with a location corresponding to that of the nucleus of Darkschewitsch (ND) of birds (12) . The ND of pigeons is formed by a tight cluster of medium to small cells (mean, 14.1 µm), mostly fusiform in shape, abutting the medial side of the nucleus interstitialis, matching the positioning described for UCN+ neurons. Information regarding the ND dimension in birds is not readily available and to specifically determine its limits, cell typology and chemical characteristics, it would be necessary to perform further cytoneurochemical analyses. Nevertheless, according to our current data, the UCN+ neurons seem to constitute at least part of the ND in pigeons.
For rats, Bittencourt et al. (8) reported that the main cluster of UCN+ neurons is located medial to the ND and between the two cell columns of the OM. The same report indicates that the most rostral UCN+ neurons in rats are situated at hypothalamic levels well rostral to the OM. These UCN+ neurons are reportedly located medial to the mammillotegmental tract and to the interstitial nucleus of Cajal. These findings are consistent with the present results, although some UCN+ cells tended to spread laterally in the vicinity of the EWN at the caudal end of the UCN field ( Figure 2D ). At that point, the caudalmost extent of the ND, a few UCN+ neurons were localized medial to the EWN and OM, in a position reminiscent of the UCN+ cells in relation to the OM complex in mammals, but none of them lie within the EWN in birds. Even the few UCN+ cells medially located at the level of the EWN, tended to be smaller than those constituting the EWN-OM complex.
In birds, the EWN neurons (as well as the OM motor neurons) are virtually all cholinergic (4). To confirm that the UCN is not found in EWN neurons a double-label immunofluorescence experiment was performed with a primary antibody against UCN (8) and a polyclonal antiserum against ChAT (Chemicon). In such cases, we employed secondary antibodies marked with different fluorophores: fluorescein isothiocyanate and tetramethylrhodamine isothiocyanate, observed using an epifluorescence microscope (Nikon E-800, Tokyo, Japan). The results of this experiment confirmed that cells expressing UCN are different in size and shape from those of the EWN and demonstrated that the UCN is not located in cholinergic cells of the EWN or OM (Figure 2A,B,C) . These data allowed us to conclude that, in birds, the EWN (defined as the autonomic part of the OM that controls specific parasympathetic functions of the eye via the ciliary ganglion) does not contain UCN.
Thus, by anatomical criteria, UCN+ neurons in pigeons do not seem to be part of the EWN. This finding helps reconcile the seeming paradox created by reports that the EWN, a cell group known to be involved in parasympathetic control of ocular functions, con- tains UCN+ neurons. UCN is a corticotrophin-releasing hormone agonist, triggering responses through a class of corticotrophinreleasing hormone receptors (8, (13) (14) (15) (16) (17) . UCN+ neurons appear to be part of the brain circuitry involved in sympathetic nervous system-mediated behavioral responses to stress (14, (17) (18) (19) . The distribution of the UCN+ neurons as a column arising at hypothalamic levels and projecting to the spinal cord (7) is consistent with these interpretations. The present results for birds suggest that while the UCN+ neurons may be near the EWN, they are not part of it. Thus, sympathetic systemic functions and parasympathetic ocular functions do not appear to be mediated by the same cell group, EWN, at least in birds.
In birds, neurons with a distribution resembling that of the UCN+ neurons described here have been shown to project to the spinal cord (20) . Thus, the UCN+ neurons near the avian EWN appear to have the same projection as those in mammals, suggesting that they are indeed the same population of neurons, with presumably a similar role in stressrelated responses. Nonetheless, studies directly examining the possible spinal projection of the UCN cells are desirable, particularly of their precise target within the cord. In any event, the evidence that the UCN+ neurons do project to the spinal cord in birds reinforces the view that the mammalian midbrain may contain separate populations of neurons as well -UCN+ neurons projecting to the cord involved in systemic sympathetic functions and cholinergic preganglionic neurons projecting to the ciliary ganglion involved in parasympathetic ocular functions.
Since UCN-containing neurons are not cholinergic and the proposed functions of UCN do not correspond to the ocular reflexes controlled by the EWN, current evidence suggests that the UCN+ population forms a distinct group. Our anatomical data also indicate that the bulk of the UCN+ neurons in pigeons lie rostral to the OM complex. Thus, the UCN+ cells are not truly part of the avian EWN as classically defined, i.e., the source of preganglionic input to the ciliary ganglion, and this seems likely to be true for mammals as well.
